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ABSTRACT 

'7 
A general review of the t o t a l  program to date i s  presented. By comparing the 
work that  has been performed and the r e s u l t s  that have been obtained with the 

goals  and object ives  set forth i n  the contract,  the areas requiring addit ional  

study are determined and future work planned. - 

iii 



TABLE OF CONTENTS 

Section Page 

I. Introduction . . . . . . . . . . . . . . . . . . .  1 

11. Discuss ion . . . . . . . . . . . . . . . . . . . .  1 

A. Work Performed During Reporting Period . . . .  1 

B. Review of T o t a l  Program . . . . . . . . . . .  4 

111. Ancicipated Work . . . . . . . . . . . . . . . . .  10 

IV . Program Schedule . . . . . . . . . . . . . . . . .  11 

iv 



I. INTRODUCTION 

The primary o b j e c t i v e  of t h i s  program i s  the  development of new f l a t  gasket  

m a t e r i a l s  s u i t a b l e  f o r  u se  i n  the l i q u i d  oxygen (LOX) system of t h e  Sa turn  

launch veh ic l e .  A secondary goal  of t h i s  program s h a l l  be the  eva lua t ion  

of t he  same o r  a p p r o p r i a t e l y  modified gaske t  m a t e r i a l s  f o r  l i q u i d  hydrogen. 

11. DISCUSSION 

A .  Work Performed During Reporting Period 

F a b r i c a t i o n  of laminates  f o r  the second Greco-Latin square was completed 

during the  l a s t  r e p o r t i n g  period. These laminates  were t e s t ed ,  and the  

energy absorbed by each i s  p lo t t ed  i n  F igu re  1. The fo l lowing  r e s u l t s  w e r e  

drawn from t h i s  second square a n a l y s i s :  t h e  r e l a t i v e  importance of t h e  

parameters i s  f a b r i c  weave, f a b r i c  s t y l e ,  and lamina t ing  temperature,  

r e spec t ive ly .  Ind ica t ed  optimum va lues  w e r e  Crowfoot weave, 225-yard 

type, and 700°F, r e spec t ive ly .  

Phase 11, Metal Reinforced Laminates, was s t a r t e d .  Laminates us ing  r e i n -  

forcement of corrugated aluminum, s t a i n l e s s  steel  screening,  and s t a i n l e s s  

steel k n i t  were f a b r i c a t e d  and t e s t e d .  Tes t ing  ind ica t ed  t h a t  t he  metal  

r e in fo rced  laminates  possessed lower compress ib i l i t y  than the  g l a s s  f a b r i c  

laminates .  The meta l  reinforcement does n o t  a l low t h e  con t ro l l ed  s a t u r a t i o n  

f e a t u r e  a s  does t h e  g l a s s  f a b r i c ;  thus  i t  does n o t  have b u i l t - i n  mechanical 

compress ib i l i t y .  From a compress ib i l i t y  s tandpoin t ,  t h e  performance of 

t hese  laminates  was about  t h e  same a s  t h e  s o l i d  r e s i n .  However, because 

of t he  reinforcement,  t h e  cold flow, o r  creep, p r o p e r t i e s  were much b e t t e r  

f o r  t he  laminates  than f o r  the s o l i d  r e s i n s .  More s tudy  i s  r equ i r ed  on 

t h i s  phase be fo re  any d e f i n i t e  conclus ions  can be drawn. 

Phase 111, Encapsulat ion o f  Gaskets, was a l s o  s t a r t e d  during t h i s  r e p o r t i n g  

per iod .  Pre l iminary  t e s t i n g  ind ica t ed  t h a t  the  optimum Tef lon-g lass  gaske t  

would be f a b r i c a t e d  from g l a s s  l a y e r s  p a r t i a l l y  s a t u r a t e d  wi th  TFE r e s i n  
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and encapsulated wi th  FEP re s in .  S ince  TFE r e s i n  flows a t  a h igher  tempera- 

t u r e  than  FEP r e s i n ,  t he  g l a s s  could be p a r t i a l l y  s a t u r a t e d  wi th  TFE a t  a 

h igh  temperature,  then encapsulated wi th  FEP r e s i n  a t  a lower temperature.  

I n  t h i s  manner, t he  con t ro l l ed  s a t u r a t i o n  of t h e  g l a s s  p l i e s  could be 

preserved,  a s  w e l l  a s  t h e  r e s u l t a n t  compress ib i l i t y .  I n  the  f a b r i c a t i o n  

of t h e  f i v e  l a r g e  gaske t s  f o r  NASA t e s t i n g ,  major d i f f i c u l t i e s  were 

encountered i n  bonding the  encapsula t ion  FEP r e s i n  t o  the  TFE laminate .  

Because of t h e  t i m e  l i m i t a t i o n ,  i t  was necessary  t o  use  FEP r e s i n  f o r  both 

the  r e s i n - g l a s s  laminates  and t h e  encapsula t ion  m a t e r i a l .  I t  was r e a l i z e d  

t h a t  t h e  encapsula t ion  process would r e s u l t  i n  a d d i t i o n a l  laminate  r e s i n  

flow and would decrease the  compress ib i l i t y  of t h e  gaske t s ,  This ,  however, 

seemed t o  be the  most reasonable  approach cons ider ing  t h e  t i m e  l i m i t a t i o n  

on t h e  d e l i v e r y  of t he  f i v e  gaskets .  Addi t iona l  s t u d i e s  have r e s u l t e d  i n  

t h e  success fu l  bonding of TFE and FEP r e s i n .  I t  now appears  f e a s i b l e  t o  

p a r t i a l l y  impregnate g l a s s  f a b r i c  wi th  TFE and encapsula te  w i th  FEP wi thout  

des t roy ing  t h e  c o n t r o l l e d  r e s i n  s a t u r a t i o n  which r e s u l t s  i n  the  good 

compress ib i l i t y  of t h e  gasket .  I t  i s  considered t h a t  t h i s  combination w i l l  

r e s u l t  i n  an optimum Teflon-glass  laminate  s i n c e  t h e  TFE-glass f a b r i c  

appears  t o  be t h e  b e s t  laminate, from a compress ib i l i t y  s tandpoin t ,  and t h e  

FEP wi th  i t s  supe r io r  flow and we t t ing  p r o p e r t i e s  provides  t h e  b e s t  encap- 

s u l a t i o n  m a t e r i a l .  

laminate  encapsulated with FEP. 

I 

Therefore ,  t h e  optimum combination would be a TFE r e s i n  

F i n a l l y ,  specimens were c u t  from t h e  laminates  used t o  f a b r i c a t e  these  

f i v e  gaske ts .  

of t hese  laminates:  a l eak  t e s t  a t  room temperature,  a l eak  t e s t  a t  cryogenic  

temperature,  and a load-def lec t ion  test  (over 10  cyc le s )  a t  cryogenic  

temperature.  A comparison of t h e  r e s u l t s  of t hese  tests wi th  those y e t  

t o  be conducted w i l l  he lp  p r e d i c t  how t h e  optimum cons t ruc t ion  would have 

performed i n  the  NASA tes t .  

Three s e p a r a t e  tes ts  a r e  p r e s e n t l y  being conducted on each 

3 



The laminat ing process  used i n  t h e  f a b r i c a t i o n  of t he  f i v e  gaske ts  i s  given 

below: 

The laminates  were formed by a l t e r n a t i n g  l a y e r s  of 0.005-in. 

t h i c k  FEP Tef lon  s h e e t  and g l a s s  c l o t h  (Laminates A,  B, and C 

used 181 c lo th ,  whi le  D and E used Crowfoot s a t i n  weave c l o t h ) ,  

The o u t e r  l a y e r s  of t h e  sandwich have double l a y e r s  of Tef lon ,  

The laminat ing temperature was 600°F, and t h e  laminat ing p res su re  

50 ps ig .  

Encapsulat ion was achieved by t h e  fol lowing process:  

The gaske ts  were prepared by f i r s t  c u t t i n g  t h e  r i n g s  from the  

laminate  t o  the  dimensions given on MSFC Drawing SK10-1433. 

Then, t he  i n s i d e  diameter was opened by trimming away 0.05-in.  

(0.10-in.  on the  diameter) .  The r i n g s  w e r e  then placed one 

a t  a t i m e  i n  a mold of the f i n a l  dimensions requi red  by t h e  

drawing, t he  void was f i l l e d  wi th  FEP Teflon,  and the  lam- 

i n a t i n g  temperature and pressure  given above were aga in  

a t t a i n e d .  

B.  Review of To ta l  Program 

Th i s  review of the  t o t a l  program i s  presented  f o r  t he  purpose of summarizing 

known r e s u l t s  and conclusions i n  o rde r  t o  eva lua te  progress  t o  t h e  midpoint 

of t he  program extension,  and t o  r e v i s e  t h e  work schedule  so t h a t  t he  

program o b j e c t i v e s  can be more e f f i c i e n t l y  a t t a i n e d .  

1. Br ie f  Chronological His tory  

The dual  requirements of cryogenic a p p l i c a t i o n  and LOX compa t ib i l i t y  

reduced t h e  f i e l d  of poss ib l e  gaske t  m a t e r i a l s  t o  one: f luorocarbon 

polymers. A set o f  requirements t h a t  t he  des i r ed  gaske t  should m e e t  

was proposed. One requirement, compress ib i l i t y ,  was emphasized i n  

a l l  subsequent work. 
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A testing procedure called "load decay" was utilized to determine 

compressibility and compression set for various candidates in the 

fluorocarbon polymer family. 

were compared with materials proposed by Narmco. Various fillers 

in different resins were considered. The effect of the filler level 

on the compressibility was found to be quite large. 

Commercially available gasket materials 

These tests demonstrated the cold flow, or creep, problem encountered 

with most of the materials. To restrict the flow of the resin, rein- 

forcement in the form of glass fabric was found to be superior to the 

chopped fiberglass filler of any level. Therefore, a gasket material 

in the form of a laminate (alternate layers of resin and reinforcement) 

was conceived. 

A series of tests %!&performed whereby stress-strain curves were 

obtained for the various candidates over a 10-cycle loading. These 

tests allowed the determination of compressive moduli, which is an 

inverse measure of compressibility; i.e., higher modulus means lower 

compressibility, and vice-versa. In addition to offering a comparison 

of the various candidates, these tests showed how each candidate was 

affected by repeated loading (the modulus of the tenth cycle was 

always higher than that of earlier cycles, indicating an expected 

reduction in compressibility). 

By comparing the amount of modulus change, information was obtained on 

the degree of constancy of the compressibility of the various materials, 

in addition to the absolute values for the materials. Finally, the 

moduli of all materials were higher (meaning lower compressibilities) 

at the cryogenic condition compared to room temperature condition. 

The fluorocarbon polymer laminate exhibited the least change in modulus 

with temperature. This feature is desirable, because in actual applica- 

tion on the Saturn, the gaskets will be bolted at room temperature. 

The cryogenic material will then be introduced. The material whose 

modulus and compressibility is least affected by this temperature change 

should maintain better seals without changing any bolting loads. 

5 



0 
The improved laminate compressibility performance mentioned above is 

primarily due to a special laminating procedure developed by Narmco. 

The "sandwich" is prepared by stacking alternate layers of resin sheet 

and glass fabric until the desired thickness is obtained. 

temperature and pressure are controlled so that resin flow is sufficient 

for bonding the plies together, but not enough to completely saturate 

the glass fibers with resin. The unsaturated laminate has a mechanical 

compressibility built into it due to the unsaturated fabric. This 

mechanical compressibility is not affected by temperature. Hence, the 

unsaturated laminate possesses a modulus which is relatively unaffected 

by lowered temperature. In addition, it also has the lowest modulus 

(highest compressibility) at the cryogenic conditions, again due to the 

The laminating 

h u i l t - i r ?  mechanical c m p r e s s i b i l l t y .  

Tests were performed so that hysteresis loops (stress vs. deflection 

over complete cycles) could be plotted for various materials, demonstrating 

differences in compression set and flow. Again, the Teflon glass fabric 

lamina te performed the best. 

Leak tests were performed in order to determine the minimum flange 

pressure required to retain an internal pressure. This allows the 

calculation of the ASME "m" factor for each material ("m" is the ratio 

of minimum flange pressure for no leak to internal pressure). Unfortu- 

nately, the various materials did not perform differently enough in 

this test to provide any clear distinctions. Therefore, the "flange 

deflection-to-leak" test was devised to find a better means of comparing the 

various candidates. This test consisted of measuring the amount of 

deflection a flange could undergo before the gasket leaked. While the 

Teflon glass fabric laminates performed no better than the average candi- 

date in this test at room temperature conditions, they were by far the 

best at cryogenic conditions, and the differences between room temperature 

and cryogenic values were the smallest for these laminates. 

6 



A d i f f i c u l t y  developed during t e s t i n g ,  which was diagnosed a s  being 

caused by t h e  p ro t rus ions  on the  gaske t  f a c e  caused by the  shear ing  

manner i n  which t h e  gaskets  w e r e  c u t  from t h e  laminates:  a t  t h e  cryogenic  

condi t ion ,  t hese  pro t rus ions  o f f e r e d  r e s i s t a n c e  t o  t h e  load and thereby 

inf luenced  t h e  tes t  r e s u l t s .  The remedy was t o  pre load  t h e  gaske t  a t  

room temperature,  which f l a t t e n e d  t h e  p ro t rus ions  and thereby c rea t ed  

a t r u l y  f l a t  gaske t .  Af te r  removing t h e  load, t he  cryogenic  cond i t ion  

could be imposed, and any des i r ed  t e s t i n g  could proceed. This  procedure 

was l a t e r  abandoned because t h e  gaske t s  were machined, e l imina t ing  the  

p ro t rus ions  and the  need fo r  t h i s  i n i t i a l  room temperature pre load .  

I 

Having decided from the  above tests t h a t  t he  g l a s s  f a b r i c  r e in fo rced  

laminate  appeared t o  be the b e s t  candidate ,  a program schedule wag 

prepared wi th  Phase I being t h e  op t imiza t ion  s tudy  f o r  t h i s  laminate .  

To perform t h i s  opt imizat ion,  a s t a t i s t i c a l  approach was taken us ing  

the  Greco-La t i n  square technique. However, t h e  Greco-Latin square 

al lows only  four  va r i ab le s .  S ince  i t  was be l ieved  t h a t  a t o t a l  of 

e i g h t  v a r i a b l e s  a f f e c t e d  the laminate ,  four  of t h e  o r i g i n a l  e i g h t  

q u a n t i t i e s  were taken as  being cons tan t ,  and a square  was cons t ruc ted  

wi th  the  o the r  four  v a r i a b l e s  having ranges of va lues .  

some of t he  combinations of temperatures  and p res su res  t h a t  were ass igned  

t o  p a r t i c u l a r  laminates  were o u t s i d e  of t he  range of va lues  necessary  

f o r  flow of t h e  va r ious  r e s i n s ,  o r  were so h igh  t h a t  t he  r e s i n  burned, 

making laminat ion a t  t he  designated cond i t ions  impossible .  The lamina t ing  

condi t ions  were subsequently modified t o  more r e a l i s t i c  va lues  which 

allowed laminat ion,  bu t  these changes destroyed t h e  p a t t e r n  of t he  

Greco-Latin square  and prevented i t s  use  a s  a s t a t i s t i c a l  t o o l .  However, 

t he  da t a  t h a t  w e r e  obtained from t h e  t e s t i n g  of t h e  laminates  were 

s t i l l  of cons iderable  value.  

Unfortunately,  

With the  i n t r o d u c t i o n  of TFE r e s i n s ,  t h e  s t r e s s - s t r a i n  curves  (load- 

d e f l e c t i o n  tests) no longer had s t r a i g h t  l i n e  shapes bu t  were curved, 

because t h e  lamina tes  d id  no t  deform l i n e a r l y  wi th  load.  S ince  i t  was 
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considered d e s i r a b l e  t o  cont inue comparisons on compress ib i l i t y  (which 

previous ly  w e r e  based on compressive moduli) ,  t h e  moduli of t h e  va r ious  

laminates  could n o t  be determined a s  before ,  when they were simply the  

s lope  of t he  s t r e s s - s t r a i n  curve: now t h e r e  was no one s lope .  The 

problem was solved by t h e  in t roduc t ion  of a new measure of comparison: 

t h e  energy absorbed by the gaske t  dur ing  t h e  loading cyc le .  

energy i s  t h e  a rea  under the s t r e s s - s t r a i n  curve and was obtained by 

tak ing  t h e  average of t h ree  p o l a r  planimeter  readings  of the  a r e a .  

quan t i ty  could have been converted i n t o  an  equ iva len t  modulus by de te r -  

mining t h e  r equ i r ed  base of a hypo the t i ca l  t r i a n g l e  having t h e  same a r e a  

and then the  s lope  of t h e  hypo the t i ca l  hypotenuse. However, i t  was f e l t  

t h a t  d i r e c t  comparisons of t h e  ene rg ie s  themselves would be j u s t  a s  

meaningful, s o  t h i s  conversion was no t  a t tempted,  s i n c e  t h e  h igher  t he  

energy absorbed va lue ,  the more compressible  t h e  candidate .  

Th i s  

Th i s  

The r e s u l t s  of t h e  tests run on the  f i r s t  group of laminates  showed 

t h a t  Tef lon  TFE laminates  had t h e  h i g h e s t  energy absorp t ion ,  followed 

by the  Tef lon  FEP. Also, t h e  lower laminat ing p res su res  r e s u l t e d  i n  

b e t t e r  energy absorp t ion  p rope r t i e s .  

Based on these  t e n t a t i v e  r e s u l t s ,  a second Greco-Latin square was 

cons t ruc ted  which d id  n o t  main ta in  the  same q u a n t i t i e s  a s  cons t an t s  

and v a r i a b l e s  t h a t  t he  f i r s t  square d id .  This  t i m e ,  on ly  t h r e e  v a r i a b l e s  

were considered:  laminating temperature,  f a b r i c  s t y l e ,  and weave. Tests 

w e r e  made on the  va r ious  laminates  and the  r e s u l t s  f ed  back i n t o  t h e  

Greco-Latin square.  The r e s u l t s  showed t h a t  t h e  most important  para- 

meter was f a b r i c  weave, followed by f a b r i c  s t y l e ,  and laminat ing tempera- 

t u re .  Of t h e  parameter values  considered,  the  ind ica t ed  optimums a r e  

Crowfoot weave, 225-yard type, and 700°F, r e s p e c t i v e l y .  

Phase 11, t h e  s tudy of metal r e in fo rced  laminates ,  was r e c e n t l y  i n i t i a t e d .  

Laminates us ing  d i f f e r e n t  re inforcements  were f a b r i c a t e d  and t e s t e d ,  t h e  

r e s u l t s  of which showed a lower compress ib i l i t y  of metal  r e in fo rced  

laminates  then  exh ib i t ed  by t h e  more optimum g l a s s  f a b r i c  laminates .  

(See Sec t ion  A of t h i s  r epor t  f o r  more d e t a i l s  on t h i s  phase.)  

cont inuing  i n  t h i s  a r ea .  

Work i s  



phase 111, t h e  encapsulat ion s t u d i e s ,  has  y ie lded  some r e s u l t s .  I t  

should be r e c a l l e d  t h a t  the need f o r  encapsula t ion  a r o s e  because of t he  

process  used i n  laminat ion of t he  g l a s s  f a b r i c  candida tes ,  where incom- 

p l e t e  f i b e r  wet t ing  i s  des i red  i n  o rde r  t o  improve compress ib i l i t y  of 

t h e  laminate.  However, when gaske ts  a r e  c u t  from t h e  laminate ,  t h e  

i n s i d e  and o u t s i d e  diameter s u r f a c e s  expose the  c e n t e r  of t h e  laminate ,  

where the  r e s i n  has  n o t  s a tu ra t ed  t h e  f a b r i c .  I f  placed i n  a f langed 

j o i n t ,  t he  m a t e r i a l  contained i n  the  p ip ing  could l eak  through t h i s  

s e c t i o n  of t he  gaske t .  To prevent  t h i s  type of gaske t  leakage, i t  i s  

r equ i r ed  t h a t  t h i s  poss ib l e  pa th  be blocked. This  can  be accomplished 

by completely covering the e n t i r e  gaske t  wi th  r e s i n  o r  simply by apply ing  

a band of r e s i n  t o  the  inner  diameter su r face .  Both approaches have 

been taken. (See Sec t ion  A of t h i s  r e p o r t  f o r  a d d i t i o n a l  information.)  

The encapsulated laminate  des i r ed  (TFE r e s i n - g l a s s  f a b r i c  laminate  

encapsulated wi th  FEP) now appears  t o  be  wi th in  reach.  Only op t imiza t ion  

of t h e  process  remains. I t  should be poin ted  o u t  t h a t  Phase I11 on 

encapsula t ion  has  only been concerned wi th  t h e  candida tes  from Phase I, 

Glass  Reinforced Laminates. The metal  r e in fo rced  laminates  (Phase 11)  

have no t  r equ i r ed  encapsula t ion  because they  have n o t  had a d ry  c e n t e r  

f o r  p o s s i b l e  leakage. However, i t  i s  q u i t e  conceivable  t h a t  some 

laminates  of t h i s  type may be developed i n  Phase 11, thereby r e q u i r i n g  

encapsula t ion  and a d d i t i o n a l  work i n  Phase 111. 

Phase I V ,  concerned wi th  design c r i t e r i a ,  i s  j u s t  being s t a r t e d .  

2. R e s u l t s  and Conclusions t o  Date  

PHASE I - A laminate  of TFE Tef lon  and g l a s s  f a b r i c  has  been found 

t o  provide the b e s t  gaske t  m a t e r i a l  i n  t h e  nonmeta l l ic  

r e in fo rced  group. 

PHASE I1 - From Phase I, the  b e s t  r e s i n  has  been found t o  be Tef lon  

TFE. S tud ie s  a r e  s t i l l  underway t o  determine the  type of 

meta l  re inforcement  t h a t  produces t h e  optimum laminate.  
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PHASE I11 - Encapsulat ion has  been requi red  only f o r  t h e  candida tes  

from Phase I (g l a s s  f a b r i c  re inforcement) ,  and the  optimum 

candida te  (using TFE Tef lon  r e s i n )  should be encapsulated 

with FEP Teflon f o r  t he  b e s t  r e s u l t .  

PHASE I V  - The work t o  d a t e  has  cons i s t ed  of a b r i e f  l i t e r a t u r e  survey. 

N o  r e s u l t s  o r  conclusions have been reached. 

111. ANTICIPATED WORK 

PHASE I - Having determined the  r e s i n  t o  be used, a t t e n t i o n  now w i l l  be d i r e c t e d  

t o  t h e  p o s s i b i l i t y  of us ing  m u l t i - a x i a l l y  woven f a b r i c s  f o r  mul t i -  

d i r e c t i o n a l  s t r e n g t h  inc rease .  A l s o ,  s t u d i e s  w i l l  be  made on t h e  

e f f e c t s  of varying the th icknesses  of t h e  p l i e s  of r e s i n  and/or  

f a b r i c  re inforcement  so t h a t  the  "best" laminate,  wi th  t h e  minimum 

number of p l i e s ,  can be determined. Also, t h e  p o t e n t i a l s  of g l a s s -  

wound reinforcements  w i l l  be explored.  F i n a l l y ,  t h e  test r e s u l t s  

of t h e  specimens from t h e  laminates  used t o  prepare  t h e  f i v e  NASA 

l a r g e  diameter gaskets  w i l l  be  obta ined ,  reduced, and analyzed. 

PHASE I1 - More a n a l y s i s  i s  needed concerning t h e  designs a l r eady  proposed, and, 

poss ib ly ,  d i f f e r e n t  cons t ruc t ions  might be considered.  Because t h e  

propor t ions  of t he  gaskets  s e n t  t o  NASA ( l a r g e  diameter ,  narrow 

f l ange )  d i f f e r  considerably from t h e  t e s t  specimens used t o  d a t e  

(small  diameter,  wide f l ange ) ,  i t  i s  be l ieved  t h a t  meta l  r e in fo rced  

gaske ts  would be s t ronger  than t h e  g l a s s  f a b r i c  lamina te  f o r  t h i s  

extreme gaske t  design s i n c e  i t  could support  more hoop stress and 

t h e r e f o r e  be less l i k e l y  t o  "blow out." Consequently, more a t t e n t i o n  

w i l l  be d i r e c t e d  t o  metal r e in fo rced  laminates .  
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PHASE 111 - The opt imiza t ion  of the encapsula t ion  of t h e  g l a s s  r e in fo rced  

laminate  remains; i .e. ,  determining t h e  b e s t  combination of bonding 

temperature  and pressure.  A s  mentioned earlier i n  t h i s  r e p o r t ,  

it i s  q u i t e  p o s s i b l e  t h a t  some candida te  w i l l  be developed from 

Phase I1 t h a t  w i l l  r e q u i r e  encapsula t ion ,  a l so .  

PHASE I V  - The des ign  and performance c r i t e r i a  s tudy  i s  now i n  process .  It i s  

a n t i c i p a t e d  t h a t  much he lp  w i l l  be  suppl ied  by t h e  q u a r t e r l y  r e p o r t s  

of t h e  General Engineering Laboratory 's  NASA Study "Design Criteria 

f o r  Zero-Leakage Connectors f o r  Launch Vehicles." It i s  requested 

t h a t  Narmco be suppl ied wi th  t h e  f i n a l  r e p o r t  as soon as it i s  

a v a i l a b l e .  

PHASE V - This  phase w i l l  cover t he  l i q u i d  hydrogen a p p l i c a t i o n  f o r  t h e  b e s t  

candida tes  from t h e  LOX a p p l i c a t i o n  s t u d i e s .  Since t h i s  i s  t h e  

secondary goa l  of t h e  program, it is  no t  planned t o  i n i t i a t e  t h i s  

work u n t i l  t h e  LOX gasket s tudy is s u f f i c i e n t l y  complete f o r  d a t a  

comparison. Therefore,  it i s  now scheduled t o  begin i n  January 1964 

and w i l l  cont inue  as funds and t i m e  allow. 

I V .  PROGRAM SCHEDULE 

Based on t h e  a n t i c i p a t e d  work ou t l ined  above, a r ev i sed  schedule  i s  proposed 

(see Figure  2) .  Note t h e  extension of s t u d i e s  of t h e  f i r s t  two phases,  which 

w i l l  now run  u n t i l  t h e  end of t h e  year.  It is f e l t  t h a t  f u r t h e r  work is  r equ i r ed  

i n  t h e s e  areas. It i s  planned t h a t  t h e  f i r s t  t h r e e  phases should be completed a t  

about  t h e  same t i m e  (1 January 1964). 

It i s  a n t i c i p a t e d  t h a t  t h e  2-month per iod f o r  Phase V w i l l  be  s u f f i c i e n t  t o  o b t a i n  

meaningful r e s u l t s  f o r  t h e  l i q u i d  hydrogen phase of t h i s  program, and t h a t  t h e  

ex tens ion  o f  t h e  o the r  phases w i l l  no t  r e s u l t  i n  a d d i t i o n a l  funding o r  t i m e  

requirements  . 
A t o t a l  of 892 man-hours w a s  expended dur ing  t h i s  r e p o r t i n g  per iod.  

1451 man-hours has  been expended during t h e  c u r r e n t  c o n t r a c t  per iod ,  

A t o t a l  of 

0 
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Figure  2. Program Schedule 
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